For plant genetic improvement, it is paramount to determine genetic components for the selection of desirable traits. Eighteen Amaranthus cruentus and 11 Amaranthus hypochondriacus genotypes were evaluated at two locations in Nigeria differing in temperature/precipitation to determine the influence of environment on genetic gain. Genotype × environment was significant for all analysed morphological parameters and for grain yield, 1000 seed weight and no. of days to 50% flowering in A. cruentus. In A. hypochondriacus genotype × environment was significant for plant height, leaf length and width, leaf area, inflorescence length, 1000 seed weight and grain yield. Higher genotypic coefficient of variability, heritability estimates, and genetic advance was observed for the traits at Abeokuta (more wet) than Ibadan (more dry) conditions. Grain yield had positive association with the traits at the two locations except the number of leaves and inflorescence length. Inflorescence length was positively associated with grain yield at Abeokuta and negatively associated at Ibadan. Path analysis indicated simultaneous improvement of grain yield with petiole length and leaf length at Abeokuta but with petiole length and leaf area at Ibadan. In general, the locations had potential for genetic improvement of traits of amaranth grain; therefore, selection criteria for improving grain yield should be considered with respect to environment.
INTRODUCTION
Amaranth is one of the rare plants that are grown for grains yield. The grains are unique and nutritionally rich. The proteins are significantly reacher in essential dietary amino acids, particularly lysine, which is often limited in other cereal grains (Drzewiecki et al. 2003; Andini et al. 2013) . The starch components are characterized by low gelatinization temperature, good stability during freezing and thawing, and high swelling power (Yanez et al. 1986 ). Also, oils from the grains have been noted for its high concentration of squalene, a lucrative ingredient used in cosmetics, skin penetrants and lubricants, and effective in reducing cholesterol (Gonor et al. 2006; Martirosyan et al. 2007 ). Many compounds and extracts from amaranths have antidiabetic, antihyperlipidemic, and spermatogenic effects (Sangameswaran & Jayakar 2008; Girija et al. 2011 ) and antioxidant and antimicrobial activities (Alvarez-Jubete et al. 2010; Tironi & Añón 2010) .
Considering adverse effect of changing climatic conditions, amaranth is a promising agricultural crop with the ability to withstand negative effects of growing conditions (Alemayehu et al. 2014) . The crop can adapt to diverse range of biotic and abiotic stresses (Grubben & Denton 2004; Maundu & Grubben 2004 ). However, despite the nutritional and agricultural importance of this crop (Bhuvaneswari et al. 2001) , it is still one of the underexploited crops in (Dubois & Stoilova 2015; AVRDC 2004) . For effective genetic improvement of grain yield, it is important to understand how the proportion of genetic component (Hamdi et al. 2003; Shukla et al. 2004) and genetic advance (Bänziger et al. 2004; Shukla et al. 2004 ) are affected by environments. Varalakshmi (2003) and Kumar and Yassin (2012) reported significant genotype × environment interaction for yield and its component traits in grain amaranth. This study was carried out with the objective to determine the magnitude of genetic parameters and association of traits in grain amaranth at two environments.
MATERIALS AND METHODS
Eighteen genotypes of Amaranthus cruentus and 11 genotypes of Amaranthus hypochondriacus were planted at two locations in Nigeria: Abeokuta (long. 03°25'E, lat. 7°25'N, alt. 159) and Ibadan (long. 3°89'E, lat. 7°37'N, alt. 215) during the late growing season in 2012 (Table 1) . Rainfall distribution at the two locations is bimodal from March to September, peaking in June and September with a short dry spell in August and a long dry spell from November to March. However, Abeokuta, located in forest transitional zone, is characterised with higher precipitation, humidity, and temperature than Ibadan, derived from savanna ( Table 2) .
The experiment was laid out in a randomized complete block design with three replicates. Each amaranth genotype was planted in a two-row plot, 2 m long, at a spacing of 0.50 m. The rows were separated by 0.50 m. Five plants were sampled randomly from the inner portion of each plot to determine the following traits at flowering: plant height measured from soil level to the top of the plant, stem diameter measured with a venier caliper, leaf length (sixth leaf from the top of the plant) measured from tip of the leaf to the point of attachment to the petiole, leaf width (sixth leaf from the top of the plant) measured at the widest part of the leaf, petiole length measured from the base of the leaf to the point of attachment to the stem, leaf area (cm 2 ) estimated with the regression equation y = 0.93 + 0.63x where x is the product of length and width of leaf (Adetimirin 2007) , number of leaves, and days to 50% flowering (from sowing till appearance of flowers on 50% of plants). Inflorescence length (cm) measured from the base to the tip of the inflorescence; 1,000 seed weight (g) and seed yield per plant (g) were also evaluated. Variance components of the effects were evaluated using the Proc mixed cov test method type III procedure of SAS version 9.1.1 (SAS 2000) .
For each location in the data analysis, according to the random model as = m + + + , phenotypic variances of the genotypic means calculated across replicates ( 2 ) of grain yield and its components were defined as 2 = 2 + 2 where 2 is the genotypic variance, 2 the error variance, and r the number of replicates (Miller 1974 ).
Based on the variance components, the following parameters were estimated: phenotypic coeffi- represent genotypic and environmental variances of character x and grain yield (y), respectively, and Covxy is covariance between character x and y using Microsoft Excel. Assuming selection differential (k) of 5%, genetic gain was estimated for direct selection of grain yield as σp × h 2 × k and indirect selection of grain yield through other characters as ,
where ℎ 2 and ℎ 2 are heritability estimates of x and y, respectively, and σp(y) is phenotypic variance of y (Falconer 1989) . Genotypic correlation coefficients were partitioned to assess direct and indirect effect of the yield-related traits on grain yield using the path coefficient analysis (Dewey & Lu 1959; Singh & Chaudhary 1979) .
RESULTS
There were significant genotypic differences for number of leaves, leaf and petiole length, leaf area and for 1,000 seed weight and grain yield in A. cruentus. and plant height, leaf width, and days to 50% flowering. In A. hypochondriacus significant genotypic differences were for plant height, number, length, width and area of leaves, for length of petiole and no. of days for flowering (Table 3) . Although the location alone had no significant effect, genotype × location significantly influenced all the analyzed traits in A. cruentus and most in A. hypochondriacus traits. Phenotypic variance of the traits was partitioned into its component variances (Table 4) ; genotypic variance contributed more to phenotypic variance of traits in A. hypochondriacus. Low genotypic variance for plant height, stem girth, leaf width, days to 50% flowering, and inflorescence length in A. cruentus was associated with high genotype × location variance.
Genetic parameters for the traits were explained on location basis because of the influence of genotype × location. In general, differences between the parameters of the locations were higher in A. cruentus than in A. hypochondriacus (Table 5) , with higher values at Abeokuta compared to Ibadan for most traits. However, genotypic coefficient of variability, heritability, and genetic advance for inflorescence length and grain yield were higher at Ibadan than those Abeokuta in amaranth species. There is higher genetic advance for days to 50% flowering in A. cruentus at Abeokuta.
Considering association between traits, genotypic correlation coefficients between grain yield and other traits at the locations were significant (Table 6) . Most traits had positive association with grain yield, except inflorescence length at Ibadan, but with difference in magnitude between locations. Lower and nonsignificant environmental correlation coefficients indicated phenotypic correlation coefficients as a reflection of genotypic correlation coefficients. rp is the phenotypic correlation coefficient, rg the genotypic correlation coefficient), re the environmental correlation coefficient, and CR the correlated response of grain yield. * Significant at p <0.05, ** significant at p <0.01, degree of freedom at n = 87.
Genotypic performance for grain yield was explained more by other traits at Abeokuta, 0.29 (stem width) to 1.36 (inflorescence length), than those at Ibadan, 0.21 (days to 50% flowering and number of leaves) to 0.40 (stem width and petiole length). Plant height, leaf length, and petiole length had high correlated response with grain yield at Abeokuta and with leaf width, petiole length, leaf area, and 1,000 seed weight at Ibadan. Direct and indirect contribution of traits to genotypic correlation coefficients revealed high magnitude and positive direct effect of petiole length and leaf length on grain yield at Abeokuta. Leaf area had high and negative direct effect on grain yield. Other traits had negative indirect effect on grain yield through leaf area and high positive indirect influence on grain yield through leaf length and petiole length. However, all traits except plant height and leaf length had positive direct contribution to yield with high indirect influence through petiole length and leaf area at Ibadan. In both locations, tall plants are associated with low grain yield.
DISCUSSION
Diversity of genetic resources is an important component in crop breeding program. Its amount determines the extent to which selection can be done and the magnitude of the genetic parameters controlling the traits estimates the response to and gain expected from selection. However, the amount of genetic components and direction of association between traits may vary with the environment (Obilana & Fakorede 1986; Bänziger et al. 2004 ). Knowledge of the values of genetic parameters in different environments can ensure effective selection and thus progress in breeding (Hamdi et al. 2003; Shukla et al. 2004 ).
The present study revealed the significance of genotype × location on the traits which in turn influenced changes in magnitude of the genetic components between locations. Differential response of genotypes to environment could be responsible for variation of traits between the locations. Abeokuta, with usually higher than Ibadan precipitation, humidity, and temperature, influenced more GCV, heritability, and genetic advance of traits in grain amaranth. This suggested response of amaranth for high genetic diversity in a humid and warm environment. However, higher gain for genetic improvement of inflorescence length and grain yield is expected at Ibadan. Also, considering association between traits in amaranth, grain yield can be improved simultaneously with other traits but the selection criteria varied with location.
